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y/AMMStt 4v\ 

[0029] *y3BM»i. JdfrE y-7-tf 

»J^4®$H t ±«MlliI$:4 b y t-;^y-7-T'^ 
m%ixtz 4 *y-&mm'bfch<?)x\ mw^-x/u 30 
* oriMf ;by;b* vBflRtetrtt* MKffiC 4 4* & =5: 

4 . :co 4 3 *»*«& 

>^3Ml05^aflBai#BU*CJaT(cKWt4. Rv 
b 'J -V ? xffl+fc^AW^S^jWMIlcfcSPItLTiJ 
9 . (03 -C'tiM i: LT -t «0rt 2 JiJ £5jrf ) &£fttta 
tt#*R£Tfc£l/0'4. y*y£$*(2IS* 

0^>^SPI±i { hlWfiuii8i:ft 
L, §4 C^SS^ £ WfflSmB fc J; 9 y * y^jna 
fcKfll/CV'4. i«fc«xc>f^y€a»j&*. 4 9*£v' 40 

w&x'mzi. ttz. 3 

tttz t>tix \ ** . *^>4 yyr 
^aswwji, jKyv-±*ni-®Biifc««*ftSMi 
Sr*-f4tf>T, 0^^ 

4) . &3fcyy , ?-7;M-ny;i' 

*4. 4fc. ®i*tt£#t4££Ji*{4, it«syyy 
yyfs^t LTjflv'Mifc®£, r 
4nc?ssLT<4y?y-/b£»b4$a&#7 h<n 
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X\ Mftm^O$$£it*$4b4Cti^«£i:&4. 
[ 0030 ] he* y -i-m&thitftTiEmbmw. 
t£h b 'J b'-y«y7-m Sftfcy *y3mgJi!i£ 

mtix. ettiRffR»am±^)8DiLTj^ (4 
fXb) t-s nmzx 9 yyry£SSR£g!3itl>. *7 
y bffliy ^y^w^^^MWth^iftc^cn 
x\ m.miztzx') 

ttfcBSrcSifcfcifc. sKU”7-»«iriW*ii: 
£4 9 T'&m^zma-i z. t 4 . 4*. * 
10 C7)®^v y alt Jg £ %-£-f 4 <1 t tfTS 4 AT*> B 
0^»»LTT^>f^<5,g|&ai-«Sr»Ai5fca»LTV' 
4. 

[003 1 ] ftttWfctti’f . ±!B*y-?- I ~lV$r^ 

ttffik ^ . s^rkmi tkt> mmzm^mm^x . 

XliKifi-t 4 ; fc 1 4 9 . LTC94 ^y 

[ 0032 ] *a^-ri.sy)# ; ty'7-y)>i^ ; &^jt 
tt. ty^— 1**0. 4-1 2l,zMLX^y-?-lW 
0. 2~1 0» tftt L<(i0. 3~8TJ)l»„ ; ey-7- 
Ic9^;bJt(±ff4t<(i0. 5 ~ 1 0 X'fo 9 , 0. 4J: 
94'S < &4 k 44ymfJ <3 

■ffcs H0g*fciMM^F*feS4>-f. 4*. 1 2 J; 9 
< ^4 1 - t y^ v - 1 <nx.m& LitikSkML ix i 
tw mttij *y3mx')’?-tf£js.L%\,\ x 
77-\WX:)Vmt. 0. 

t mm® t <r)%&tfx% %<%& 7xmvmm$cv 

L. 0 X 9*^ < ts:h fcRj6*4*fc®l! 

y>Vtf*ktX L 4 v\ ES=5r JWt**fr s fl:*>n*<.S:4. 
[oossj^y^-m ^ii^t/bitfiaie^yv- 
iy)^;biktc^LT. o. 3~i 3T\ ffarfcjio. 6 
~iotj> 4. ^yv-in c7)^;bJt* { o. 3<t9i>/h 
4 ^ y^m&^mmm ttah^x, k 
<7)4 ^yfE^S^ffiTL, -*1349 1>*# 
miztoxuzmzmzn®tf*ktx itw mm<? 

[0034] ^ y V-IVC9jg^^it{i±IE4Ey v - 1 
0. 0 1—8. 5t^9- Mta 
0. 3— 6T*4. dwtlbjt^o. 0149(>/h§V^ 

s#W4y y- y3c^a<y>w^*vjN$ < ^ 4 coT^Sf^-f yf 
yfS^ttS-^$-f. ttz. 8. 5 4 9t*#v^(ifi 
^ y X-lV<7)fri)m£ tier, 

•CRje-Lfcty^-RRrtRTO^tt^RCWBi 4>* 
<=$:4. 

[0035] ±IE^y^- 1 y>^;b 

JttC^tTO. 0 0 1-4. 0 4T«t^Jt«fflTJ4 
9.#4U<«0. 008-3. 5<9«HT&4. 0. 

0 0 14 9 fc/hSvt|^4R^RJWfcR«WW*j|fy v 
50 -±RtcfKW4 EBR]&<RiH-4 WTasttRlBjWBi <3 
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1 1 

-f. 4*. 4. 0 4 9i*#<&Si§£t4. 

a*a-& uc#>j v-mmizm ixi to<r>x\ s 
wti'&'i u±<o 
4 3 1. dft4>«aS£«HWTtt#Rfc 4 ^xmtitz 
A X HX a n^tvxiv 

^WKwauKAOtfiT-t*. 

[003634*. 

{4. t/7-Ifr'l 0 mg/ml- 1 2g/mlT'aO. 04 
L< (4 40 — 9000 mg/ml Xfo b „ t/7- I tfl 0 
mg/ml 4 9 *>3m*')-?-iMlZX: 

y?.-tf£<mxztvf. 4*. 12g/ml49i0# 

L4 3 cOT' 

£fi£KJ5**4t&k. _tfEtfcVVCmg/mK4. &XJ 

V-COtta^-M (mg) 

(ml) xmitzmxkh 

(tyv-comii-stti-f, wmaknt/mzTfi 
t) . 

[00 37] 4*. Tyv-IIc9tta^SJg(41mg/ml 
- 5 g /ml T*£> 0 . 03tt{4 8 0-4500 mg/ml f* 

5. 1 mg/ml 40 fc/Jv5V*j*KTtt, tf'JV- 20 

=5r*^*t#*d t**T#&k. 4*5 g/ml4 0 i* 
#Vtf§£(4. 

T\ v-O^S^?R*m<^0 . 4 0 

x-m*x hm&imfx it 
3 . 

[0 0 38] ^yv-III Oitg(46mg/ml*^8g/ 
mlT'09. 04L<(4. 1 2-7 OOOmg/ml /£>!>„ 

6 mg/ml 4 o fc/jM& v ^(4#3H/P7 

t&vxmftm mmrf, 2g/mi4 9i0#<$r& 30 
t fbbttT y 7- £ R1KM0 tffrtt $ -£T L 4 a . 

[00 39] ^yv-IVO«S(42 0mg/ml^A>l Og 
/ml-CfcD, 04 1/(4 70 — 500 Omg/ mlT'S>l». 

2 0 mg/ml 4 0 i /hs v t®£(4 . &mnRJE3tBM t 1& 
Ti'2>‘QX , ££l%ffltf#mzM<&9* —0500 Omg 
/ml4Oi>0#V^{4. »7l<tt^yv-Oi®7j<-®7|< 

[0040] §^ffJOfta^iiJ^(40 . 0 5 mg/ml -2 
g/mlfj>0. 04L<(4O. 0 8—1 6 0 Omg/mlT' 
*S. 0. 0 5mg/ml4 9/h3o»^4. *»RJEjWE 40 
il£fvf. 4*2g/mi4O0#v^(4fl4-fSyy' 
yyb£M0§44T U4 3 . 

[004 1 ] ±1 y v- 1 -IV£±fc*£$-lt&fg!(;:ffl 
LT(4. 

t ** ts s . 

t LT(4, ffUttTY t'X4 V7fQ- b D/k O'/ 
4;kN-/404 b\ <y/7iy/ ifflMt-t-/ 
f-A* t'^w^ill. ** s d n<o tlRffiStlS t OT14 
*v\ 4*a*ttH»«Wi: LXii'<)l’**'/ZMM7y 
t-/a. otozKS^y/A. o/ozk so 



#^2 00 0-2 12305 
1 2 

g/b'J/A. 2, 2 -T'/t'y. ( 2 - ( 2 -4 S /'/ 
•jy-2-4;P) XoO) ZfiBfflfrifaWWiS 
*\ d4l^t|5gs$its icoT'te&k. 

[ 0042 ] ±ia®4<tts^^feiFjoffig(4 . ty?- 

1 am 

LT0. 0 1-23M%T&0. 0HK(4O. 05- 
19**%?aS. 0. 0 lli%4 0M'§O^I4 

*•££ btih geo 7 L&v vOT\ 

mttmmiZixf. -02 3ft»%4 9t*#k*§ 
10 £(4. m'Z> <r>T®.e$Mzmft I Fmz 

m lx Li v\ 

gf§it£SLTL4 3. d*U44D3/Xbffi£fflkS 

[ 0043 ] . x/ -?- 

III RWVfrbl£&mmtt&to<7)£SMlZttlX0. 

0 1-1 8MM%X$>0. 04t<(4O. 08-1 4fi 
MXoXbh. 0. 0lM%4 9fc*SV*fc*l4. **l 

4Hz®m L*K*fc4 0 9 //?/!/« U -0 1 8* 
*%4 0 k*#kt£*(4?S±t£OXM/c4 9M7K 
ttsKU^-^HFflBSWBWSnT U4 3 . 

[ 0044 ] frfrz&n&zm'mmt ut«. *t 

0/o b yffiWtfc 

LT(4. 1 SPt t* t # C0/o b Vffiffii 

SO. 1 «-3 OS^aJttC^S 4 7 [CpMtS . #(4 
0 /n b ymmmt tv^jtt t-ci4 o . 5gp- 

2 5 «ra s . 0/o b o . 1 »4 

0 4^$ V y LT L 4 V 

RJ&WHd&r. 4*. 3 040t/#v^(4^4<ft : & 
y ^ cofrxmfc&x y -?-/'/ u /-± 
SS(4*A$ix/(4. U 

=5rv\ 

[ 0045 ] zcoxo izixn^iiKA tyimmjfen 
2 -fc y004 X- 6 0 0 0 0 -fe y04r4 
Xtcps$4l. 0SCI43 O-tyA'&A X— 4 0 0 0 0 
■fc X004 XT -a* . 2 -b X0.04 X4 OW'S k t # (4 
LTL4S COT/ 0/e^tt 
6OOOO-fe//-04X4Ot0#V^{4 

tmnwtt wz&mi vm&msl ixLto<n>x\ 
40yfS#tt*%T0S. ii:ll, Htettgft. 
nfSMMt. s5«Wt. 

/yXbX-^-^t'Sfflv^dt^'T^S. 

[ 0 0 4 6 ] &kT\ 3&^Sfiittw4 

s*«ca®LT<e»f*di:ft:4 0, A*y?mm 
#Sdt^'T'#S. #«SaaW*»fi:tTtt. T;b 
5-/A. X0-/K - 7 //b^r t'co^JR^^a h t ■> 
(4-b9 5>/yx^/9X0>xy. /A>5rt'SfflV^|,dt 
*'T'#4>A\ dbL^(C(®^§il^ icOT14*v\ 
^tLT(4««. Rfitt. 7>r;bA«. / 

-;b«. »««. @«^t'*Wc3ixS*^(4d^o3(c 

4*»a$*ut«®rfcg«sasv^ih 
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1 3 

sarFc-cifijfL wm. 
izj: o mtti'f 

[ 0047 ] 

m&&£k<r)mi3 0'ci:j.ft?%ittiii%L>-?. nmz 
ii2 0'ca\HX'b&. T§&ftm£.tf3Q’czmtz>kx 

x\ mmsKtf± z v 'Imhcsk y v-rfim lx l t 
v\ mmmm%mzT'%>- ktihfrLX'hb. 
[0048] &»a. 

t-r ximmmz z*m\ vong»t - hzkizxo 
m cob\ *4vW-YXHRijJ:V»f*Jl*lXI^ 

xbf&kmiztof&v-ii'mw&z-£&zbiz£ on 

o Z k tfX't h . 

[0049] 

immm] 

■f*. 

xtfcm 

n£K®m.klX. 3oP2 0 0ml*v\-777l77 5T. 
rH=*w\-^.y F77-7-. 

ty?- 1 k tT7'7^/ixrh*7t'x;b77 
72. 2 7 g (1. 7X10- 2 mol) „ *77-11 k 
LTXf-771 . 9 5 g ( 1 . 87 X 1 0" 2 mol) , % 
Wlit 1/C777/H&H97 9/H0. 0 6 6 7 g ( 2 . 

6 8X1 0" 4 mol) tT7't'X4 V7'^-DXh9;l/0. 

0 6 g . $ 4»(C<y'/-f HO. 1 0 g 2: 

N, N-7'fvOMvHA7$ K8mlfcj§A?§-£>titf> 

M* tyv-MiUc. iiikaaotc^yv-ii 

1 t LT77 y;Ha. 1 . 26g (1. 74X10-2 m 
ol) . *77-IVtLT2-779/l/T$H-2-7* 
)V?un>X)\s-fc>W.2. 11 g (1. 34X10-2 m 
ol) . *4 ml, K)LttVZMM7> : E-' , 7l*0. 0 6 

6 gzmMitzbcDZitimtyv-mMk ix&<. 
rjg$^»£S*8ib$ucu ®7R*77-?§ig£fi8 
W L&tf^fg** y7-M^iTI4tJ: 9R&* (3fi 
T-tS. SJSSB*S:Sia*»6 8 0 , CiT±#§'fr» 4B# 

ishjh* itzkzn. y 7-^Amit 

[ 0050 ] ft^wt^yv-aristigKfiFiQH-sffl^ 
T N , N-77 f7H4vHA7 5 H £»f 6 i k (e «k o 
T, $iffittj££l 0 0*7=HM XlzM&Lfz. zm 
»fro-* y-xy'&KV-^-ifflv^ififi-Lita-, XT 
777 4/i*-G2T*lt!fcfcliti*Lfc. 

[00 5 1 ] **7.H«(4. *7$ v7 t-7. fflfc 

5 7 7 Sl^cOiSv^E^tttc X 0 . T)V 

STOrtiSJ^Sr 1 2 0'C±4'ac|S$L^. 7/H5TO 

tarn. 



&m2000-2 12305 
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mL%tf<3mm*m%z-tz>zkiz£ 9**t.h 
Bteftfc. &£ii£**7HMaffl*t®£8 0%. m. 
2 o‘cco®iaMs^4>n 1 2mmitzmz±m^y 
£Jflvvc7/i'5«j:9*lf®s-£T, 
tz. 

[0052] Wifcffl 2 

satMitawc. ty7-itub'^nu7x- 
)V'sy 72:. *77-IIfc LTP-77/H7.7772:. 
*77-111 fc7?9/U&Xf-/b£, *77-IV£l-T 
10 t'x/bX/b* >M £ . £S§SiJ£ 2. 4. 6 - H y 7 y o 
=¥7-1. 3, 5-H975>y*#*jawi. ntfem 
fclSMSIfcfTofc. 

[0053] 3 

mmm uz&^x. * 77- it \z~iv h 9 xf^y? 

72:. *77-tIIt LTt'xyW'77772:. *77 
-III fclT777 9/HS?7^H2:. *77-IVfc Lt 
2 - 7 7 »J ;H7 5 H - 2 - 7 ^)Vyn> WX ;H* 7& 

£. mmmkixL'jT'jfr-i . 3 . 5 - h 9777 

- 2 , 4. 6 — ( 1 H . 3 H , 5 H ) - M) ^7 £&* 

20 mmmikmmznytz. 

[0054] mM 14 

f» 1 tfcWC . * 77- I t LX tfx/b H 9 7. (2 
-7H*7xH*7) 7772:. *77-11 1 iTCt'x 
;Hey772-. *77-m izkLxmm :->vz. * 
77-IVt l7Tp-7*77X/H*7S?£. SH®PJi: L 
T H 9 7. C 2 — (77 907 0*7) x*;b) 7 777 
7l!2r#^ffli,^d^Mi. HMM 1 fcHUMcff^fc. 
[00 55] bfcl^Jl 

ffi n a n ^,Nafion ( A- 7 7^K ) ^ 

30 'itymmkLtz, 

[0056] 

[kkm] ±I£Hmct i -Ammm i x-mn.^ 

ar ■*>«*£« l*. 

[0057] MC97 ^ 7®ittli»:«^K6fc:J: 9«!£L 

fc. 

( 1 ) 7*7fE@tt7)il5g 
a. imfs^JgM5gffl*;HC9fbS 
a.l 

*^fcLT(i. zcD*&mznm Ltzmtzm mo. 5 

40 cmXfill. OcmX^$l. Ocm) 2rW7-g>r7D7® 
(4T3. 5cmXfl|4. 5cmX®$ 1 . Ocm) 

WifcLT, e^?S (Jf*. 0. 30mm) 2:0. 
5cmX 2 . Ocm(C^ • y H t. ifflf-TC'ryny® 
rtffcflJO. 5cmj2i; S^JgcOO . 5ci«2W<iB*K:-HR 
t* i 3 teas 0 Wt* . 0 . 7 

c^Dfflifctsai^-rtiso. tnmtfo. 3 5 cm2 
2:&&J:3CU:. 

[0 0 58] a.2 6^117)7)0^ 
e^a;®c r )^BS2:A#<7l)^i*t. ftco&i mzj:0 
50 G&m®mmizH3&m£#>y$Lfz. 1 / 4 on cdi&m 
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1 5 

3 0mlCgffi^S (Pb (CH 3 C00)2 • 3 Hz O) 

0. 0 0 8 gatfJS-fte&K (Hz P t C 1 6 -6 Hz 
O) l Lfc. ZCDtfr-? 

\?rmLtzB&miiT7v>m 1 
®fO«U ?§®E3. 0 V. iSl4mA. 

4 0m A/ cm 2 t 4 0 fc . 

(ThVNVrXhRl 64 4 ) Sr-fe-y hLfc. 2S®£ 

m#rfc£gB®i 
0)+-co&feZ ' f ?*SrAMIUi£fcfc4 9«B0>+ 
-£^*aa^£5 04HSI«tfc. *?>». 2H^£ 
*®*T«E»L. 10%mt>, atllSH:, 
ifcMWRUf'aAftRi+feL’C 1 04MH3 V<o®E 
£#4tl>£fc{;:4 9. 7 -y 4 $/©« Ltz&mmZL 

tz, Mat&B&xm&i i<a#u *«*+£«# 

Lfc. 

[0059] b.£»ii& ( 3-/U • a-ypro >y h ) £4 

=§■4 / y£JM«4 . JJEa. Tim L 1Z±/wm&) 1 0 
iiyS1I;t§£S7A# $ 1 5mmX 1 2mm) £;# -y h L. 2 
tiCOf7n MRHfcJfcWfft. JR^PIWOiBEWcO . 

0 3Ntgig££)0. 3 ml Aft. 

#£»3 4'3fcU:. -fe/Pfc^yFfcHSU 0&H 
my-7 hny-4 ye-rp p-7x^ 
•XTArM-f-S I 1260 fcSMSU 

MLTTn-y FLfc (n-;P- p-zlyrn-yF) . — ® 
Wfc, 10^/7711 

ffltH*ro&±# o <mm.<m t%i. z 

tfv-y-rjw>B8Li&bLx\'i. aHBJgfctJwcuu 30 

teMfrbw&y <*ym 
- um<r>msm%.m%Ltz . co»e(c4oTjws 
ifLm&zttf?zz>. m^’cnat^mussmt. * 
>v<r>m it±o. 5cm xhi* fc'yxmmmmmt#. 

4 x>&mtg.=mmmm/ immmyMm < w- 

1 • cm -1 ) =0.5 (cm) / Cl.O (cm) X^i5 (cm) X 

MfiW) ) 

[0060] 05 izftfccr)^— 7 >],$n 
4^£Xl't*y3&Jto4*y&K&*iikLt:.* 40 

mizx 1 4 j-yxmm'i tymma^-7/^ to 
XJl'*>MB£tDt®'&<02lgj:%\ l ^Mb%'?Xt39 . A 
L v 'S*jfifl&ttfc2r->fc Z t LX H 

b . 

[oo6i] ( 2 ) *^wffi«si*<»3aje 

(a ) T9 V/mcDM^-lMt 

mm 1 1 x'&titib*') v-tawc, 7 ? u;H8»a 

3JU*fc06icij?U;. 5lo5RiJKI«i. Hi 0mm. m 
15 0 mm<7)^^-t)-yr;PSr . 31 o3 SO Miit< f-V 50 



^2 000-2 12 30 5 
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•y?®ggi§tl 0 0mm. g|o»0**5m/»fcrt«M- 
SBL -3-yr;P**L7tfc^^*^^yr;pgfffi« 
Tl$U:3l-?3g03$J££Fx2:-r£fc. 
*¥W^SI*=F1/F2 
f i : *nisw£4 ofWLfc'txr/kogioaoaus 

F 2 : ftjfeflg {rt-7)lim7lV*)VX)V*>mk : ® 
a D p£ Nafion ) (JM80I) *)3lo»i5»* 
fc4 9S»3ft*flU:U:. **>«!*. 06£*rf4d 
£T 7 y/PS^fi-^gtf 6 0 0 

[0062] (b)^yv-III cO^lPit tCOMfo 
mmmixi%t>tii#'j-?-<DS££ftoffi<7) rft&* 
X)V)t\ fc&tvc. ftiltfysWKBWTkXJ-z-XiX)}/ 

07 izm. * 

¥Wffl*f3$£{4±iE (a) VUfetmiZlxmfel 

fz. 

[0063] ( c ) mmnxii'Vttcnmm 

mm\ 1 x% btib#v 7-x>*km&Rmzm &com 

mm<x> rfta^^ipjtj t. %btitz4*>m$m<r>-h 

istst. 

mum (a) mmtmmizixmfcuz, mm 
x> r tta^^iwt j * J o. ooi~4. 04 x<x>$mx 
o i>jz*ip*>a&. znmmwwm 

m*£ 0 fiT Uz<DX . C cOKH* { ji«X'J> £ i t tfto 
fr^tz, 

[0064] ( 3 ) 

mmz-tmiZ' 

m^mi t Lfzm^iz, ^mzmbm^yrmzj:-, 

x* hixbm&w<7>nmm=f-m*M2 1 lx . ns 

m 2/m i 

xmmtb, 

[006 5] (a) t/7-I hcoMffi 

(3E 77- I ) <7) rtta^iS^j iMMflffi 
<7)M® Sry/P7N°- 5 zlX— 1/ 3 y y a v h y'7 7 
^-(c4 0N, N-y'yA/P^/PATS L 

X, K8»*3ig/mH siBS2ml/^, y)yAffl^7 0 
“C. 47J 7fP 7 4 0 mfz . 

Sr09tc^i- O t-^R^yT'-cD rfta^i*j^j o 

mg/ ml# 1 <3 1 2 0 0 0 mg/mgOlcHT-filgiM#^ 
1.040 i*S < . KiJiti*. £ 

•yfz* 

[0066] (b) t/V-IIfcWBMR 

*) 4L*n$(c#/nFytt^SSEy)^JtSr^'ft^^ 

•C . I) -/ U v-«4HF»fcH LX . ttBtflRft# 

1 0 (c/ L/„ /;7°o h y 
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1 7 

mmm&tfMztt ix o . i-3o nmsiz . ®t 
[oo67] ( 4 m 

<- 7 W □7/Kyl'^M yli (iSiPb£ : Na 
fion (fa!ffyttl) *>4*yg**£i -l. 4fc* 
#6«fcioT#4>ii*4^y2flaw«>f 5j-y«K»*^ i 
— 2 1 Lt\ 

i - 2 / 1 - 1 - 4 *ye»*ffi*Mi 

xmfcth . ntfeM i fct«ta**x bWHtmnx'J 

@1 lfcwrt. jKUv-JB«tt*&*2-kyf-jK 
4 X-6 0 0 0 0 Hr y?*sK4 XO®Bl*lT'4 *yfi*S 
ffltfttFl. OJJLtfcaroTfci), 

ft 

3 fe?v \‘- 7 o ivxii-fc y |g)i <fc 0 i>A# v 4 i 

SrgLfc . 

[ 0068 ] ( 3 > 

HMfl i -4 i-cfc**Mifc4 tfy^cSlJ! ( a* 1 8 o 
i?o» t^xjWfssfcsaw-ickti-jTa 
«fffllfciWf«2^)2oOffifc4MWtfc. «vWi<3« 
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[Claim(s)] 

[Claim 1] The following structure expression (1) 
[Chemical formula 1] 



the inside of a formula, and R1 — hydrogen, an aliphatic series derivative group or an 
aromatic ring derivative group, and M -- 1 - a tetravalent metal - R2 can be permitted, an 
aliphatic series derivative group, an aromatic ring derivative group, or also when it does 
not exist. An aliphatic series derivative group or an aromatic ring derivative group, and 
R6 R3-R5 An aromatic ring derivative group, R7 can be permitted, an aliphatic series 
derivative group, an aromatic ring derivative group, or also when it does not exist. The 
aliphatic series derivative group or aromatic ring derivative group on which R8 has 
hydrogen or an aliphatic series derivative group, and R9 has an acid part. The aliphatic 
series ring machine with which RIO has three bridge formation groups, or an aromatic 
ring group, p= 1-350, q= 1-500, x= 1-600, [ y= 1-300, m= 1-200, and n= 10-10000 ] 
being shown — the metal-containing monomer I and the aromatic series derivative 
monomer II which are expressed, and carboxylic-acid derivative monomer III Ion 
exchange membrane characterized by consisting of the ion exchange resin with which the 
bridge was constructed over the chemical bond principal chain which consists of the 
strong acid group content monomer IV. 

[Claim 2] It is the ion exchange membrane characterized by for M being a tetravalent 
metal and ion exchange resin having the structure where the bridge was constructed in 
between chemical bond principal chains using the cross linking agent in which three 
bridge formation groups exist in ion exchange membrane according to claim 1 . 

[Claim 3] R1 in ion exchange membrane according to claim 1 or 2 Hydrogen or an 
aliphatic series derivative group, M It is the ion exchange membrane characterized by 
being the aliphatic series derivative with which it can drain off, **** and R2 can permit 
an aliphatic series derivative group or the case where it does not exist, and R7 does not 
exist, or an aliphatic series derivative group and R9 have a sulfonic group, or an aromatic 
series derivative group. 

[Claim 4] R1 in ion exchange membrane according to claim 1 or 2 Hydrogen, M ****** 
matter, The aliphatic series derivative group to a carbon number 1-10 or the aliphatic 
series alkoxide to a carbon number 1-12 in which R2 does not exist but R3-R5 contain 
oxygen. As for R6, in hydrogen or an acrylic acid derivative group, and R9, R8 is [ a 
styrene derivative and R7 ] an acrylic AMITOSE sulfonic-acid derivative group and the 
ion exchange membrane which does not exist but is characterized by R10 being an 




aromatic series heterocycle derivative. 

[Claim 5] Claim 1 -4 — in ion exchange membrane given [ one of ] in a term — Monomer 
I — dimethylethoxy vinylsilane — Monomers II are styrene and Monomer III. An acrylic 
acid and Monomer IV are ion exchange membrane characterized by the copolymerization 
principal chain which consists of 2-acrylamide isobutane sulfonic acid consisting of ion 
exchange resin over which the bridge was constructed by the triallyl cyanurate which is a 
cross linking agent. 

[Claim 6] Claim 1 -5 — [ in manufacturing ion exchange membrane given / one of / in a 
term / it is made a molar ratio and / Monomer I ] to 0.4-12 Monomers II are 0.2-10 and 
Monomer III. The manufacture method of the ion exchange membrane characterized by 
including the process which 0.3-13 and Monomer IV are mixed by 0.01-8.5, and a cross 
linking agent is mixed in 0.001-4.0, performs a copolymerization reaction, and obtains an 
ion-exchange-resin solution. 

[Claim 7] [ each monomer preparation concentration in a copolymerization reaction ] as a 
value over the capacity of a solvent in the manufacture method of ion exchange 
membrane according to claim 6 In Monomer I, lOmg/ml - 12g [ ml ] /and Monomer II 
1 mg/ml - 5g/ml Monomer III The manufacture method of ion exchange membrane that 
6mg/ml - 8g [ ml ] /and Monomer IV are characterized by 0.2mg/ml - 7g [ ml ] /and a 
cross linking agent performing a copolymerization reaction as a range which is 
0.05mg/ml - 2g/ml. 

[Claim 8] As opposed to the full weight of the hydrophobic compound which consists of 
Monomers I and II and a cross linking agent in the manufacture method of ion exchange 
membrane according to claim 6 or 7 0.05 to 23% of the weight of a hydrophobic 
polymerization initiator, and monomer III And the manufacture method of the ion 
exchange membrane characterized by adding the canal and hydrophilic mixing 
polymerization initiator which consists of 0.01 to 18% of the weight of a hydrophilic 
polymerization initiator to the full weight of the hydrophilic compound which consists of 

rv. 

[Claim 9] Claim 6 -8 -- the manufacture method of the ion exchange membrane 
characterized by using the mixed solvent which prepared the aprotic solvent to one copy 
of water as a solvent in a copolymerization reaction in the manufacture method of ion 
exchange membrane given [ one of] in a term so that it might become a volume ratio up 
to 0.1 copy - 30 copies. 

[Claim 10] Claim 1 -9 — in the manufacture method of ion exchange membrane given [ 
one of ] in a term Furthermore, the manufacture method of the ion exchange membrane 
characterized by producing a film when the ion-exchange-resin solution adjusted to the 
viscosity of 2 centipoise to 60000 centipoise is cast on a base material and the difference 
of the highest temperature and the minimum temperature in the temperature distribution 
on a base material dries a resin solution within 30 degrees C. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[ 0001 ] 

[Field of the Invention] This invention relates to ion exchange membrane and its 
manufacture method. 





[ 0002 ] 

[Description of the Prior Art] Conventionally, perfluoro alkyl-sulfonic-acid velar is used 
as a Polymer Division solid-state ionic conductor used for a polymer electrolyte fuel cell 
or an electrochemical sensor. The structure of this perfluoro sulfonic-acid film is what the 
sulfonic group which is an ion exchange group has combined at the head of the side chain 
prolonged from a perfluoroalkyl principal chain as shown in drawing 1 . Of both 
operations with the hydrophobicity which a fluorine atom has, and the hydrophilic nature 
which a sulfonic group has, as shown in drawing 2 macroscopic, a spherical hydrophilic 
phase is formed into a canal phase, and hydrophilic phases are assuming the cluster 
structure connected with the connecting tubule. 

[0003] When a hydrogen ion conducts the sulfonic group top in this hydrophilic phase 
Velar [ concerned ] can discover the comparatively large ion conductivity as Polymer 
Division, and is used with this property as ionic conduction velar for a polymer 
electrolyte fuel cell, an electrochemical sensor, or flat panels. 

[0004] However, since perfluoro sulfonic-acid velar still has large electric resistance, it is 
a problem that loss of the electrical energy at the time of incorporating into systems, such 
as a polymer electrolyte fuel cell, is large. 

[0005] Moreover, in order to increase more the density of the number of sulfonic groups 
contained in perfluoro sulfonic-acid velar, mixing ion exchange resin of the another kind 
which have a sulfonic group in this perfluoro sulfonic-acid velar is proposed. However, 
ion exchange groups, such as a sulfonic group of the ion exchange resin of another kind 
mixed in velar, have turned to the irregular direction, and since the distance between ion 
exchange groups is large, the velocity of ionic conduction is slow. 

[0006] [ with furthermore, an operation of the electric field generated by such a method 
when used as an ionic conduction film in positive/negative inter-electrode, for example in 
systems, such as a polymer electrolyte fuel cell, ] It poses a problem that ion conductivity 
velar [ in the middle of the mixed ion exchange resin migrating to the electrode side of 
one side, and generating electricity by the cell ] falls. 

[0007] Moreover, since the methanol permeated the cathode side from the anode and 
blocked the reduction reaction by the side of a cathode when it used as ionic conduction 
velar for direct methanol fuel cells, there was also a problem of reducing power 
generation efficiency. 

[0008] 

[Problem to be solved by the invention] The object of this invention solves the above- 
mentioned conventional trouble, and offers the new orientation mold ion exchange 
membrane which is stabilized and shows large ion conductivity, and its manufacture 
method. 

[0009] 

[Means for solving problem] In order that this invention persons may solve the above- 
mentioned technical problem, as a result of inquiring, other ion exchange resin is not 
mixed in perfluoro alkyl-sulfonic-acid velar [ conventional ]. By obtaining new ionic 
conduction Polymer Division which has the macrostructure in which the distance 
between ion exchange groups is small by performing the new molecular design of the 
Polymer Division object which forms velar, and the ion exchange group itself carried out 
orientation It found out obtaining the orientation mold ion exchange membrane which is 
stabilized and shows larger ion conductivity than the ion conductivity which 




perfluoroalkyl sulfone velar shows, and this invention was reached. 

[0010] Ion exchange membrane according to claim 1 is the following structure expression 

( 1 ). 

[Chemical formula 2] 



the inside of a formula, and R1 — hydrogen, an aliphatic series derivative group or an 
aromatic ring derivative group, and M - 1 - a tetravalent metal — R2 can be permitted, an 
aliphatic series derivative group, an aromatic ring derivative group, or also when it does 
not exist. An aliphatic series derivative group or an aromatic ring derivative group, and 
R6 R3-R5 An aromatic ring derivative group, R7 can be permitted, an aliphatic series 
derivative group, an aromatic ring derivative group, or also when it does not exist. The 
aliphatic series derivative group or aromatic ring derivative group on which R8 has 
hydrogen or an aliphatic series derivative group, and R9 has an acid part, The aliphatic 
series ring machine with which RIO has three bridge formation groups, or an aromatic 
ring group, p= 1-350, q= 1-500, x= 1-600, y= 1-300, m= 1-200, and n= 10-10000 - being 
shown — the metal-containing monomer I and the aromatic series derivative monomer II 
which are expressed, and carboxylic-acid derivative monomer III It is characterized by 
consisting of the ion exchange resin with which the bridge was constructed over the 
chemical bond principal chain which consists of the strong acid group content monomer 
IV. 

[0011] In ion exchange membrane given in Claim 1 term, M of ion exchange membrane 
according to claim 2 is a tetravalent metal, and ion exchange resin is characterized by 
having the structure where the bridge was constructed in between chemical bond 
principal chains using the cross linking agent in which three bridge formation groups 
exist. 

[0012] Ion exchange membrane according to claim 3 is set to ion exchange membrane 
according to claim 1 or 2. R1 is characterized by M Hydrogen or an aliphatic series 
derivative group, and being the aliphatic series derivative with which it can drain off, 

**** and R2 can permit an aliphatic series derivative group or the case where it does not 
exist, and R7 does not exist, or an aliphatic series derivative group and R9 have a sulfonic 
group, or an aromatic series derivative group. 

[0013] Ion exchange membrane according to claim 4 is set to ion exchange membrane 
according to claim 1 or 2. Dimethylethoxy vinylsilane and Monomer II Monomer I 
Styrene, Monomer III An acrylic acid and Monomer IV are characterized by the 
copolymerization principal chain which consists of 2-acrylamide isobutane sulfonic acid 
consisting of ion exchange resin over which the bridge was constructed by the triallyl 
cyanurate which is a cross linking agent. 




[0014] ion exchange membrane according to claim 5 -- Claim 1 -4 — in ion exchange 
membrane given [ one of ] in a term Dimethylethoxy vinylsilane and Monomer II 
Monomer I Styrene, Monomer IE An acrylic acid and Monomer IV are characterized by 
the copolymerization principal chain which consists of 2-acrylamide isobutane sulfonic 
acid consisting of ion exchange resin over which the bridge was constructed by the 
triallyl cyanurate which is a cross linking agent. 

[0015] the manufacture method of ion exchange membrane according to claim 6 -- Claim 
1 -5 — [ in manufacturing ion exchange membrane given / one of / in a term / it is made a 
molar ratio and / Monomer I ] to 0.4-12 Monomers II are 0.2-10 and Monomer III. 0.3-13 
and Monomer IV are mixed by 0.01-8.5, a cross linking agent is mixed in 0.001-4.0, a 
copolymerization reaction is performed, and it is characterized by including the process 
which obtains an ion-exchange-resin solution. 

[0016] The manufacture method of ion exchange membrane according to claim 7 is set to 
the manufacture method of ion exchange membrane according to claim 6. [ each 
monomer concentration in a copolymerization reaction ] as a value (value which **(ed) 
each monomer weight (mg) by the whole reactional solvent product (ml)) over the 
capacity of a solvent In Monomer I, lOmg/ml - 12g [ ml ] /and Monomer II 1 mg/ml - 
5g/ml Monomer III 6mg/ml - 8g [ ml ] /and Monomer IV are characterized by 0.2mg/ml - 
7g [ ml ] /and a cross linking agent performing a copolymerization reaction as a range 
which is 0.05mg/ml - 2g/ml. 

[0017] The manufacture method of ion exchange membrane according to claim 8 is set to 
ion exchange membrane according to claim 6 or 7 at the manufacture method. As 
opposed to the full weight of the hydrophobic compound which consists of Monomers I 
and II and a cross linking agent 0.05 to 23% of the weight of a hydrophobic 
polymerization initiator, and monomer III And it is characterized by adding the canal and 
hydrophilic mixing polymerization initiator which consists of 0.01 to 18% of the weight 
of a hydrophilic polymerization initiator to the full weight of the hydrophilic compound 
which consists of IV. 

[0018] the manufacture method of ion exchange membrane according to claim 9 — Claim 
6 -8 — in the manufacture method of ion exchange membrane given [ one of ] in a term, it 
is characterized by using the mixed solvent which prepared the aprotic solvent to one 
copy of water as a solvent in a copolymerization reaction so that it might become a 
volume ratio up to 0.1 copy - 30 copies. 

[0019] [ the manufacture method of ion exchange membrane according to claim 10 ] 
Claim 1 -9 — in the manufacture method of ion exchange membrane given [ one of ] in a 
term Furthermore, the ion-exchange-resin solution adjusted to the viscosity of 2 
centipoise to 60000 centipoise is cast on a base material, and it is characterized by 
producing a film, when the difference of the highest temperature and the minimum 
temperature in the temperature distribution on a base material dries a resin solution 
within 30 degrees C. 

[Mode for carrying out the invention] 

[0020] The ion exchange membrane of this invention is the following structure 
expression (1). 

[Chemical formula 3] 




the inside of a formula, and R1 — hydrogen, an aliphatic series derivative group or an 
aromatic ring derivative group, and M — 1 - a tetravalent metal — R2 can be permitted, an 
aliphatic series derivative group, an aromatic ring derivative group, or also when it does 
not exist. An aliphatic series derivative group or an aromatic ring derivative group, and 
R6 R3-R5 An aromatic ring derivative group, R7 can be permitted, an aliphatic series 
derivative group, an aromatic ring derivative group, or also when it does not exist. The 
aliphatic series derivative group or aromatic ring derivative group on which R8 has 
hydrogen or an aliphatic series derivative group, and R9 has an acid part, The aliphatic 
series ring machine with which RIO has three bridge formation groups, or an aromatic 
ring group, p= 1-350, q= 1-500, x= 1-600, y= 1-300, m= 1-200, and n= 10-10000 -- being 
shown — the metal-containing monomer I and the aromatic series derivative monomer II 
which are expressed, and carboxylic-acid derivative monomer III It consists of the ion 
exchange resin with which the bridge was constructed over the chemical bond principal 
chain which consists of the strong acid group content monomer IV. 

[0021] R1 is hydrogen, an aliphatic series derivative group, or an aromatic ring derivative 
among the monomer of the above-mentioned formula [-izing 3], for example, as an 
aliphatic series chain derivative group A methyl group, an ethyl group, a propyl group, 
butyl, a methoxy group, an ethoxy group, A PUROPI oxy-group, a butoxy group, a fluoro 
group, a chloro group, a bromine group, an iodine group. An acetamide group, hydroxyl, 
a hydroxymethyl group, a hydroxyethyl group, As a methyl thiol group, an aminomethyl 
group, a cyclohexyl group, a mol HORINIRU group, a piperidinyl group, a pyrrolidinyl 
group, and an aromatic ring derivative group Benzyl, a dimethylbenzyl group, the aceto 
phenyl group, a pyridinyl group, A pyranyl group, an imidazolyl group, a benzimidazolyl 
group, an indenyl group, a thoria ZORIRU group, a thiazolyl group, a naphthyl group, a 
thio naphthyl group, an anthracenyl group, a fluorenyl group, a carbazoyl group, an 
isoquinolinyl group, etc. can be used. 

[0022] Monomer I is an auriferous group system monomer, and has hydrophobicity. 
Osmosis of a methanol can be defended by this hydrophobicity. In Monomer I, M is the 
metal of tetravalence [ univalent ], and it is IVa of the periodic table of the elements 
preferably. It is **** matter, germanium, tin, lead, etc. which are contained in a group. 

R2 can be permitted, an aliphatic series derivative group, an aromatic ring derivative 
group, or also when it does not exist. R5 from R3 Alkyl groups, such as a methyl group, 
an ethyl group, a propyl group, and butyl, Aliphatic series derivative groups, such as 
aliphatic series ether groups, such as a methoxy group, an ethoxy group, a propoxy group, 
and a butoxy group, Or phenyl group derivative groups and pyridines, such as a 
FUENIRU group, a methyl FUENERU group, a dimethyl FUENIRU group, and a 




TORIMECHIRUFU enyl group, Even if two are the same and one differ even when it 
can choose aromatic ring derivative groups, such as hetero aromatic groups, such as a 
furan and a thiazole, and all are the same and, it is good even when it is altogether 
separate. Although dimethylethoxy vinylsilane, a vinyl triethyl silane, a vinyl TORIME 
chill silane, a vinyl truffe enyl silane, a vinyl tris (2-methoxyethoxy) silane, etc. are 
mentioned as such a monomer, this invention is not limited to these. The polymerization 
degree p of Monomer I is 1-350, and is 30-220 suitably. Or more by 350, ion-exchange 
polymer will not dissolve in a solvent and the cast method cannot be used. 

[0023] Monomer II is an aromatic series derivative monomer, and after dissolving the 
resin which polymerized independently in itself in a solvent, it has the property which 
changes that it is possible to obtain velar by exfoliating by carrying out the cast on a base 
material. R6 in Monomer II Phenyl group derivatives, such as a phenyl group, a 
methylphenyl group, and a dimethylphenyl group trimethyl phenyl group, Or aromatic 
ring derivative groups, such as polycyclic aromatic groups, such as hetero aromatic 
groups, such as a pyridine, a furan, and a thiazole, or a naphthyl group, a thio naphthyl 
group, and an anthracene group, can be chosen. As such a monomer, it is styrene. 
Although alpha-methyl styrene, 2-methyl styrene, 3 -methyl styrene, 4-methyl styrene, 
vinyl naphthalene, etc. are mentioned, it is not limited to these. The polymerization 
degree q of Monomer II is 1-500, and is 60-340 suitably. Since the density of an ion 
exchange group will fall if q becomes larger than 500, velar ion conductivity falls. 

[0024] Monomer III Are a carboxylic-acid derivative monomer and as the 
copolymerization effect The canal field which the auriferous group system monomer I 
with large hydrophobicity and the aromatic series monomer II form, It is Monomer III 
while increasing the dynamic hardness of ion exchange membrane, since film formation 
is enabled generating the interaction force between the hydrophilic fields which 
Monomer IV forms, and combining a canal field and a hydrophilic field. The high light 
transmittance state which it has can be given to ion exchange membrane. Monomer III It 
sets, R7 can be permitted, an aliphatic series derivative group, an aromatic series 
derivative group, or also when it does not exist, and R8 is hydrogen or an aliphatic series 
derivative group, and an aliphatic series derivative group or the aromatic series derivative 
group can use the same thing as Rl. Since it has the operation which shows weak ion- 
exchange ability and supplements with the ion-exchange ability of a strong acid group by 
this function when R8 is hydrogen, it is effective in raising the ion conductivity of the 
whole film. Monomer III Polymerization degree x is 1-600, and is 80-480 suitably. Since 
the wettability of ion exchange membrane is large when x becomes larger than 600, 
swelling is intense, and velar dimensional stability falls. Although an acrylic acid, a vinyl 
acetic acid, vinyl butanoic acid, vinyl pentanoic acid, a vinyl hexanoic acid, vinyl 
oenanthic acid, a vinyl octanoic acid, butanoic acid vinyl, caproic-acid vinyl, vinyl 
caprate, etc. are mentioned as such a monomer, it is not limited to these. 

[0025] Monomer IV is a monomer which has a strong acid group, a sulfonic group etc. 
can be chosen as a strong acid group, and these counter ions can use metal ions, such as a 
hydrogen ion, alkali, or an alkaline earth. In Monomer IV, R9 is the aliphatic series 
derivative group or aromatic ring derivative group which has an acid part. As a concrete 
vinyl monomer, 2-acrylamide isobutane sulfonic acid, Although the hydrophilic vinyl 
monomer which has sulfonic groups, such as a styrene sulfonic acid, a vinyl naphthyl 
sulfonic acid, a vinyl sulfonic acid, an allyl compound sulfonic acid, and a metallyl 




sulfonic acid, can be chosen, it is not limited to these compounds. In addition to 
hydrophilic binding of sulfonic groups, an acrylamide sulfonic acid has an interaction by 
the hydrogen bond of an amide portion, about a very strong meeting state, it is that of 
****, and an effect is in maintenance of velar hardness or dimensional stability, and it is 
especially desirable. The polymerization degree y of Monomer IV is 1-300, and is 40-240 
preferably. As a result of velar swelling too much when a moisture child condenses 
around an ion exchange group if y becomes larger than 300, velar dynamic hardness 
becomes weak. 

[0026] R10 of the cross linking agent has cyclic structure, and has three bridge formation 
groups. Either an aliphatic series ring or an aromatic ring is OK as an annular section. As 
such a thing, for example A piperidine ring, a dioxane ring, a morpholine ring, There are 
a cyclohexane ring, a piperazine ring, a pyrroline ring, a dioxolane ring, a pyrazolidine 
ring, the benzene ring, a triazine ring, a tris isocyanic acid ring, a pyridine ring, a triazole 
ring, a naphthalene ring, an anthracene ring, etc. When it not only raises the dynamic 
hardness of ion exchange membrane, but uses as an ionic conduction film of a fuel cell 
since it has resistance also in desiccation of a film since such a cross linking agent can 
enlarge crosslinking density, it can reduce moisture desiccation of an anode. Moreover, 
since the deformation from the stress about toughness and from the outside also receives 
neither elasticity nor deformation itself, a bridge formation group can make 
comparatively big space between ion-exchange polymer primary mirrors, micro 
Brownian motion and entanglement motion according to an ion-exchange polymer 
principal chain by this effect — or the effect by which the track of the ion under transport 
is blocked by various molecular motion, such as flip motion of a composition part, can be 
inhibited ( drawing 4 ). The polymerization degree m of a cross linking agent is 1-150, 
and is 1-120 suitably. Since polymer structure turns into a three-dimensional network and 
m insolubilizes to a solvent when larger than 150, the treatment for velar formation 
becomes impossible. 

[0027] The polymerization degree n of monomer I-IV and the ion-exchange domain by a 
cross linking agent is 10-10000, and is 20-8600 suitably. Since a solvent will be 
incorporated into velar when drying cast velar if n becomes larger than 10000, ion 
transport is barred, and ion conductivity is reduced as a result. Moreover, when n 
becomes smaller than 10, velar chemical resistance will fall. 

[0028] How to repeat the monomer in monomer I-IV and the ion-exchange domain by a 
cross linking agent may be continuous, or a discontinuous target is sufficient as it, and 
block copolymerization form or random copolymerization form is sufficient as it. 

[0029] Since the Polymer Division principal chain which the above-mentioned monomer 
forms consists of the ion exchange resin over which the bridge was constructed by the 
upright TORIBI nil monomer, the ion exchange membrane of this invention can cancel 
the big electrical energy loss by the membrane resistance in the conventional perfluoro 
alkyl-sulfonic-acid velar. With reference to the microstructure of the ion exchange 
membrane by this invention shown in drawing 3 as a mechanism which demonstrates 
such an effect, it explains below. The array of a metal-containing group exists several 
times over in a film matrix phase, and it is meeting by the hydrophobic bond between 
metal-containing ( drawing 3 shows two rows among those as example) groups. On the 
other hand, ion exchange groups existed in a comparatively near distance by hydrophilic 
binding, and the ion exchange group has also arranged the ion exchange group by the 




interaction from a metal-containing group further. For this reason, ionic conduction 
happens at larger velocity. Moreover, the upright cross linking agent which has the cyclic 
structure in which three bridge formation groups exist is used. Since this type of cross 
linking agent has the effect of holding between polymer principal chains in fixed 
distance, it has the effect of reducing the effect ionic conduction is barred by whose 
molecular motion and entanglement of a principal chain ( drawing 4 ). These effects 
enable it to show larger ion conductivity than perfluoro sulfonic-acid velar [ conventional 
]. Moreover, since the metal -containing group which has hydrophobicity has the effect 
which eliminates the methanol which permeates into velar when used as ionic conduction 
velar of a direct type methanol fuel cell, it also becomes possible to increase the 
efficiency of a fuel cell of it. 

[0030] The Polymer Division principal chain which the above-mentioned monomer 
forms uses as a raw material the ion exchange resin over which the bridge was 
constructed by the upright TORIBI nil monomer, and ion exchange membrane is 
manufactured for this resin solution by the method to a base material top which casts and 
forms membranes (cast). Since the cast method does not have to carry out heat melting of 
the ion exchange resin, while the polymer structure by the heat history can avoid the 
danger of receiving oxidative degradation, an impurity is thoroughly removable by 
filtering a polymer solution. Moreover, the method of fusing resin and pulling out from a 
T-slot die also at the point which can make membranous thickness and macrostructure 
homogeneity, is excelled. 

[0031] The mixture solution of the cross linking agent is specifically first carried out for 
above-mentioned monomer I-IV to a solvent with a polymerization initiator. After 
heating a reaction solution system, carrying out predetermined time churning to 
polymerization starting temperature and promoting a polymerization, a resultant is 
acquired for ion exchange resin as a high molecular compound filtration, boiling, 
dialysis, or by carrying out degassing. 

[0032] as for the mixed molar ratio of each monomer at the time of copolymerizing, 
Monomer I receives 0.4-12 -- Monomer II -- 0.2-10 — it is 0.3-8 preferably. The ** to 
which the molar ratio of Monomer I is 0.5-10 preferably, and growth of an ion-exchange 
polymer principal chain will not take place if it becomes smaller than 0.4, It does not 
result in molecular weight required for velar formation, and if it becomes larger than 12, 
the precipitate in which Monomer I polymerized will arise, and the ion-exchange 
polymer made into the object does not generate. Since binding with a canal field and a 
hydrophilic field becomes impossible when the molar ratio of Monomer II becomes 
smaller than 0.2, velar hardness falls, if a molar ratio becomes larger than 10 on the other 
hand, humid gel will arise in the system of reaction, and normal churning will no longer 
be performed. 

[0033] Monomer III A mixed molar ratio is 0.3-13 to the molar ratio of the above- 
mentioned monomer I, and is 0.6-10 suitably. Monomer III Since the array of an ion 
exchange group becomes difficult when a molar ratio is smaller than 0.3, velar ionic 
conductivity falls, when larger than 13 and it is processed into velar on the other hand, 
velar is cracked, and velar formation cannot be performed. 

[0034] The mixed molar ratio of Monomer IV is 0.01-8.5 to the molar ratio of the above- 
mentioned monomer I, and is 0.3-6 suitably. The copolymerization reaction in the content 
of monomer composition set up since the precipitate in which good ion conductivity was 




not shown since the density of the ion exchange group became small when this molar 
ratio was smaller than 0.01, and only Monomer IV polymerized from the polymerization 
reaction system when larger than 8.5 arose will not occur. 

[0035] The mixing ratio of a cross linking agent is a molar ratio range to 0.001-4.0 to the 
molar ratio of the above-mentioned monomer I, and the range of it is 0.008-3.5 
preferably. Since the polymer in which cross linking agents polymerized deposits 
spongily when crosslinking reaction does not occur and it becomes larger than 4.0, since 
the number of times to which a cross linking agent collides with a polymer principal 
chain at the time of a polymerization reaction decreases when smaller than 0.001, the ion- 
exchange polymer solution made into the object is not obtained, as mentioned above, 
these mixing — if out of range, the hardness of the ion exchange membrane obtained by 
film production falls rather than hardness perfluoro alkyl-sulfonic-acid velar [ 
conventional ]. 

[0036] Moreover, Monomer I is lOmg/ml - 12g/ml, and the monomer concentration at the 
time of carrying out a copolymerization reaction is 40-9000mg/ml preferably. Since a 
monomer is not introduced into an ion-exchange polymer principal chain for Monomer I 
at all when smaller lOmg /than ml, and the system of reaction separates into a canal phase 
and a hydrophilic phase when larger 12g /than ml, a copolymerization reaction does not 
arise. In the above, mg/ml is the value which **(ed) by the whole partially aromatic 
solvent product (ml) which consists of water which uses the preparation weight (mg) of 
each monomer then, and an organic solvent (the volume of a monomer is not contained 
but shows the volume of only a solvent). 

[0037] Moreover, the preparation concentration of Monomer II is 1 mg/ml - 5g/ml, and is 
80-4500mg/ml suitably. At this time, by concentration smaller lmg /than ml, since the 
growth reaction velocity of polymer falls, suitable polymerization degree for within a 
time [ which is made into the object ] cannot be obtained. Moreover, since homogeneity 
dispersion of a hydrophobic reactional initiator is checked when larger 5g /than ml, the 
molecular weight distribution of the polymer to generate will become broad, and the 
polymer of a low-molecular field will bar cast film formation more. 

[0038] Monomer III From 6mg/ml, concentration is 8g/ml and is 12-7000mg/ml 
preferably. Since unimolecular copolymerizes at random when smaller 6mg /than ml, if 
an orientation phase is not formed but it becomes larger 2g /than ml, a hydrophilic 
monomer will be deposited out of a reaction solution. 

[0039] From 20mg/ml, the concentration of Monomer IV is lOg/ml, and is 70-5000mg/ml 
preferably. When smaller 20mg /than ml, since chain-transfer-reaction velocity falls, 
polymerization time becomes very long, and when larger 5000mg /than ml, on the other 
hand, coagulation sedimentation is produced by the canal-canal interaction of a 
hydrophobic monomer. 

[0040] The preparation concentration of a cross linking agent is 0.05mg/ml - 2g/ml, and 
is 0.08-1600mg/ml preferably. When smaller 0.05mg /than ml, the radical which 
crosslinking reaction is not promoted, and is generated when larger 2g /than ml will be 
vanished. 

[0041] As a polymerization initiator used when carrying out copolymerization of above- 
mentioned monomer I-IV, the mixed system initiator of a hydrophobic initiator and a 
hydrophilic initiator can be used. Although azobisisobutyronitril, benzoyl peroxide, a 
benzophenone, peroxidation-t-butyl, etc. are mentioned as a hydrophobic initiator, for 




example, it is not limited to these. Moreover, although ammonium-peroxydisulfate, 
potassium-peroxodisulfate, peroxydisulfiiric-acid sodium, 2, and 2-azobis [2-(2- 
imidazoline 2-IRU) propane] dihydrochloride etc. is mentioned as a hydrophilic initiator, 
it is not limited to these. 

[0042] The concentration of the above-mentioned hydrophobic polymerization initiator is 
0.01 to 23 % of the weight to the full weight of the hydrophobic compound which 
consists of Monomers I and II and a cross linking agent, and is 0.05 to 19 % of the weight 
suitably. Since the radical like being made to start a polymerization is not generated when 
smaller than 0.01 % of the weight, a polymerization reaction does not begin but on the 
other hand when larger than 23 % of the weight Since the rate of polymerization is too 
large, in a short time, the amount of Polymer Division will be reached and the polymer 
structure to generate will assume a three-dimensional network disorderly. It becomes 
very difficult for this to use the cast method. 

[0043] The concentration of the above-mentioned hydrophilic polymerization initiator is 
Monomer III. And it is 0.01 to 18 % of the weight to the full weight of the hydrophilic 
compound which consists of IV, and is 0.08 to 14 % of the weight preferably. When 
smaller than 0.01 % of the weight, a radical disappears by the oxygen which dissolved 
into the solvent, and if larger than 1 8 % of the weight, on the other hand, the molecular 
structure which is generated in a large quantity and which is hydrophilic polymer more 
radically will be destroyed. 

[0044] The mixed solvent of water and an aprotic solvent is used as a solvent used for 
this copolymerization. As the mixing ratio, when the volume of water is made into one 
copy, an aprotic solvent is prepared so that it may become 0.1 copy - a 30-copy volume 
ratio. As a desirable mixing ratio of especially an aprotic solvent, they are 0.5 copy - 25 
copies. Molecular weight does not reach a value required for velar formation, without a 
hydrophobic monomer's precipitating and a copolymerization reaction's not occurring, 
when the mixing ratio of an aprotic solvent is smaller than 0. 1 copy, and introducing a 
hydrophobic monomer into a polymer principal chain only by a hydrophilic monomer 
gelling, when larger than 30. 

[0045] Thus, the viscosity of the solution of the obtained ion exchange resin is adjusted to 
2 centipoise to 60000 centipoise, and is 30 centipoises to 40000 centipoise suitably. Since 
a lot of air bubbles are generated when ion conductivity falls, and larger than 60000 
centipoise and drying a solution, since a lot of solvents remain in resin when smaller than 
2 centipoises, ion conductivity falls. A rotational viscometer, a concentric circle 
telescopic viscometer, a capillary viscosimeter, a falling ball viscometer, a parallel board 
compression mold plastometer, etc. can be used for adjustment. 

[0046] Subsequently, ion exchange membrane can be obtained by casting the ion- 
exchange-resin solution of this viscosity into a base material, and drying. Although 
metals, glass or Ceramics Sub-Division, such as aluminum, steel, and nickel, plastics, 
rubber, etc. can be used as a base material which casts a solution, it is not limited to these. 
As a configuration of a base material, tabular, the shape of a disc, the shape of a film, the 
shape of a metallic foil, the letter of a pool, Although the shape of a corrugated plate, the 
shape of a pipe, etc. are mentioned, the target ion exchange membrane can be produced 
continuously by exercising rectilinear propagation, advancing side by side, a revolution, 
an amplitude, etc. under uniform velocity or acceleration, also where standing is limited 
and carried out to especially these. 




[0047] The difference of the highest temperature and the minimum temperature in the 
solution temperature distribution on a base material must be less than 30 degrees C, and 
is less than 20 degrees C suitably. It is because it is different in the field where the rate of 
drying of the polymer solution was cast if a temperature-distribution difference exceeds 
30 degrees C, so polymer pseudo-** into a portion with a large rate of drying and 
thickness serves as an ununiformity in discontinuous. 

[0048] [ perform / desiccation / by heating a cast base material using a ceramic heater or 
infrared-ray irradiation, for example ] Or it can carry out by performing a cast film and a 
base material by decompressing atmosphere by heating or a non-heating state, or making 
a cast film and a base material pass through between heating rollers. 

[0049] 

[Working example] A following example and a following comparative example explain 
this invention. 

As example 1 polymerization-reaction equipment, what equipped 200ml of 3 mouth 
separable flask with the overhead stirrer, the stirring rod with a churning wing, the 
condensator, and the nitrogen introduction pipe was used. In a reaction container, as a 
monomer I, dimethylethoxy .vinylsilane 2.27g (1.7x10-2 mol). Monomer II Carry out and 
Styrene 1.95g (1.87x10-2 mol), 0.0667g (2.68x10-4 mol) of triallyl cyanurate, 
Azobisisobutyronitril 0.06g, and the thing that dissolved benzoyl peroxide 0.1 Og in N and 
N-JICHIMERU formamide 8ml further were used as the canal monomer solution as a 
cross linking agent. Apart from this, it is Monomer III. Carry out and 1.1. 26g (1.74x10-2 
mol) of acrylic acids, Let what dissolved 2.77 g (1.34x10-2 mol) of 2-acrylamide 
isobutane sulfonic acids, 4ml of water, and 0.066g of ammonium peroxydisulfates as a 
monomer IV be a water-soluble monomer solution. The interior of a reaction container is 
made into nitrogen-gas-atmosphere mind, and a hydrophilic monomer solution is dropped 
at **** with a tap funnel, agitating a canal monomer solution. When reaction temperature 
was raised from a room temperature to 80 degrees C and agitated for 4 hours, the 
polymer solution [ yellow viscous ] was obtained. 

[0050] By adding N.N-dimethylformamide for the obtained polymer solution using a 
rotational viscometer, solution viscosity was adjusted to 100 centipoises. After carrying 
out degassing of this solution using a rotating evaporator, the glass filter G2 removed the 
impurity. 

[0051] The thing of the planar structure by which the ceramic heater, the copper plate, 
and the aluminum board were laminated was used for the cast board. With the high 
thermal conductivity of heating of a ceramic heater and a copper plate, aluminum in- 
plane, temperature was set as 120 degrees C **4 degrees C. After casting request area 
field HE of an aluminum flat surface, and a polymer solution, it obtained cast velar by 
volatilizing a solvent gradually, carrying out stoving. After putting the obtained cast velar 
gently for 12 hours all over an air-conditioned room with a relative humidity [ 80% of], 
and a temperature of 20 degrees C, it used the metal spatula, was made to exfoliate from 
an aluminum board, and it obtained ion exchange membrane. 

[0052] In example 2 example 1 , as a monomer I, [ a vinyl triphenyl silane ] It is 
Monomer III about p-methyl styrene as a monomer II. Except performed [ the ethyl 
acrylate ] respectively 2, 4, 6-thoria RIROKISHI-1, 3, and 5-triazine for the vinyl 
sulfonic acid to the cross linking agent like the example 1 as a monomer IV. 

[0053] In example 3 example 1, to Monomer I, [ a vinyl triethyl silane ] It is Monomer III 




about vinyl naphthalene as II to a monomer. Carry out and [ a methyl methacrylate ] It is 
TORIARIRU-1, 3, 5-triazine 2, 4, and 6 considering 2-acrylamide isobutane sulfonic acid 
as a cross linking agent as a monomer IV. -(1H, 3H, 5H)- It carried out like the example 
1 except having used trione respectively. 

[0054] In example 4 example 1, as a monomer I, [ a vinyl tris (2-methoxyethoxy) silane ] 
as Monomer II - vinylpyridine - monomer HI ** - it carried out and butanoic acid vinyl 
was performed like the example 1 except having used p-styrene sulfonic acid as a 
monomer IV, and having used respectively tris [2-(AKURIRO yloxy) ethyl] isocyanic 
acid as a cross linking agent. 

[0055] The comparative example 1 trade name Nafion (perfluoro alkyl-sulfonic-acid 
velar) was used as ion exchange membrane. 

[0056] 

[Test Example(s)] The following examinations were presented with the performance of 
the ion exchange membrane obtained by the above-mentioned example 1-4 and the 
comparative example 1. 

[0057] Velar ion conductivity was measured by the following method. 

(1) Production a.l of an ion-conductive measurement a. conductivity measuring cell Two 
Teflon boards (standing 3.5cmxwide 4.5cmxl.0cm in height) which have the reservoir (a 
0.5cm by l.Ocmx depth of 1.0cm) penetrated in the center section as a production cell of 
a platinum electrode were used. As an electrode, platinum foil (thickness, 0.30mm) was 
cut into 0.5cm x 2.0cm, and it stuck so that 0.5cm [ about ] of a Teflon board reservoir 
and the 0.5cm side of platinum foil might be in agreement with accuracy with a double- 
sided tape. Masking tape is stuck on the position of 0.7cm from the edge by the side of 
the reservoir of an electrode, and an electrode surface product is 0.35cm2. It was made to 
become. 

[0058] a.2 In order to enlarge surface area of the plating platinum electrode of platinum 
black, platinum black was galvanized on the platinum-electrode surface with the 
following procedure. What dissolved 0.008g of lead acetate (Pb(CH3 COO)2 and 3H2 O) 
and lg of chloroplatinic acid (H2 PtC16 and 6H2 O) in 30ml of 1/40-N hydrochloric acids 
was used as the plating solution. It dips at a time one Teflon board with a platinum 
electrode produced by the above a. 1 in this plating solution, and they are bath voltage 
3.0V, 14mA of electric current, and current density 40 mA/cm2. The direct-current- 
voltage electric current generator (ADVANTEST R1644) was set so that it might 
become. In order to galvanize two electrodes little by little by turns, operation of 
exchanging +- of an electrode was continued for 50 minutes by replacing the 
configuration switch of +- by the side of equipment for every minute [ about ]. Then, a 
plating solution and the chlorine to which it stuck were removed by distilled water's 
washing two electrodes, and making another new platinum plate - for a platinum black 
plate again at +, and applying the voltage for [ 3V ] 10 minutes among a 10% dilute 
sulfuric acid. Finally distilled water often washed the electrode and it saved in distilled 
water. 

[0059] b. [ conductometry each ion exchange membrane by an alternating current 
anodizing process (Cole Cole plot) ] After cutting into the size of 15mm x 12mm which 
covers the reservoir and platinum black electrode of the cell produced by above- 
mentioned a. and inserting between two Teflon boards, about 0.3ml of 0.03-N 
hydrochloric acids are put into the reservoir of velar both sides, and the hydrochloric acid 




covered the whole velar one from velar both sides. A cell is fixed to a stand and it is a 
platinum black electrode A solar TRON impedance / gain-face analyzer SI 1260 It 
connected, and alternating current was sent through NAFUION velar, making the 
frequency of electric current small from the RF side to the low frequency side. The 
resistance at this time was plotted to the real number shaft and the imaginary number 
shaft (Cole Cole plot). Generally, after a graph draws a semicircle by the RF side in this 
case, by the low frequency side, it becomes the form of a straight line upward slanting to 
the right. The diameter of this semicircle expresses resistance of the sample. In this 
measurement, it is regeneration Nafion velar from an estimate and its value about the 
radius of this semicircle. - The electrical conductivity of H mold was calculated. 
Membrane resistance can be obtained by this measurement. The distance into which 
electric current flows in velar is 0.5cm on the structure of a cell. Therefore, velar 
electrical conductivity is called for by the following formula. 

Ionic conductivity = inter-electrode distance / [velar cross-section x resistance] (W-l and 
cm-1) =0.5 (cm) / [1.0 (cm) x (thickness cm) x membrane resistance (W)] 

[0060] The ionic conductivity of the conventional perfluoro sulfonic-acid film and the ion 
exchange membrane by this invention was shown in drawing 5 . the ionic conductivity of 
the ion exchange membrane by this invention — the double precision in the case of 
perfluoro sulfonic-acid velar — it is shown that have brought a large result and the ion- 
conductive remarkable improvement was attained. 

[0061] (2) In the polymer obtained in the related example 1 with the polymerization 
degree of the measurement (a) acrylic acid of dynamic relative intensity, it pulled when 
changing the polymerization degree of an acrylic acid, and the dynamic relative intensity 
in an examination was shown in drawing 6 . It pulls, an examination pulls a rectangle 
sample 10mm in width, and 150mm in length, and it is a testing machine. If tensile 
strength which **(ed) stress when a sample fractures with the sample cross section is set 
to Fx when pulling and the distance between chucks of 1 00mm examines at 5mm/second 
in velocity dynamic — relative intensity =F1/F2F1: -- tensile strength F2: of the sample 
produced by this example — it was considered as the value conventionally defined with 
velar (perfluoro alkyl-sulfonic-acid velar: trade name Nafion) (comparative example) 
tensile strength. As a result, as shown in drawing 6 , when the polymerization degree of 
the acrylic acid exceeded 600, it became clear that dynamic relative intensity falls 
rapidly. 

[0062] (b) Monomer III In the "preparation molar ratio" at the time of polymerizing the 
polymer obtained in the related example 1 with a molar ratio, the dynamic relative 
intensity when changing the molar ratio of a carboxylic-acid derivative system monomer 
is shown in drawing 7 . Dynamic relative intensity was measured like the method of the 
above (a). 

[0063] (c) The result of having investigated the "preparation molar ratio" of the cross 
linking agent at the time of performing the copolymerization reaction of the polymer 
obtained in the related example 1 with the molar ratio of a cross linking agent and the 
dynamic relative intensity of the obtained ion exchange membrane is shown in drawing 8 
. Dynamic relative intensity was measured like the method of the above (a). Although the 
"preparation molar ratio" of the cross linking agent was larger than the conventional 
hardness in the range to 0.001-4.0, since hardness fell more except this range, it turned 
out that this range is suitable. 




[0064] (3) when preparing cast velar from the cast solution of ion exchange resin of 
measurement this invention of a velar formation marginal molecular weight relative value 
When the minimum weight average molecular weight which shows film organization 
potency is set to Ml, weight average molecular weight of the copolymer obtained by the 
polymerization method in this invention is set to M2, and an M2/M1= film formation 
marginal.molecular weight relative value prescribes a film formation marginal molecular 
weight relative value. 

[0065] (a) Use N.N-dimethylformamide as a solvent for the relation between the 
"preparation concentration" of a metal-containing monomer (monomer I), and a velar 
formation marginal molecular weight relative value with a gel par MYUESHON 
chromatography in the copolymerization reaction in the related example 1 with Monomer 
I. It asked by the sample concentration of 3mg/ml, 2ml of rates-of-flow a part for /and 
column temperature of 70 degrees C, and the polystyrene molecular weight converting 
method. The result is shown in drawing 9 . Although the "preparation concentration" of 
the metal-containing monomer had the film formation marginal molecular weight relative 
value larger than 1.0 and showed film organization potency in the 12000mg [ lOmg/ml to 
]/mg range, ion exchange membrane was not able to be prepared except this range. 

[0066] (b) In the mixed solvent used for related copolymerization reaction time with 
Monomer II, when water was made into a part (capacity), the volume ratio of the aprotic 
solvent was changed, and the result of having investigated the film formation marginal 
molecular weight relative value was shown in drawing 10 about the molecular weight of 
the polymer to generate. It became clear that the molecular weight [ the case of 0.1-30 ] 
to water which the volume ratio of an aprotic solvent can velar form is obtained. 

[0067] (4) The perfluoro alkyl-sulfonic-acid velar [ of an ionic conductivity relative value 
] (trade name: set to 1-2 ionic conductivity of the ion exchange membrane obtained by 1-1 
and this invention in the ionic conductivity of Nafion (made by E. I. du Pont de 
Nemours& Co.), and 1-2 / 1-1= ionic conductivity relative value prescribes.) of the 
measurement former The result of having investigated the polymer solution viscosity at 
the time of cast film preparation in an example 1 and a relation with an ionic conductivity 
relative value is shown in drawing 11 . The ion conductivity of the ion exchange 
membrane which the ionic conductivity relative value has become 1 .0 or more wit hin the 
limits of 2 centipoises to 60000 centipoise, and polymer solution viscosity prepared from 
the solution in these viscosity ranges showed the larger value than perfluoro alkyl- 
sulfonic-acid velar [ conventional ]. 

[0068] (5) It divided into two phases, the dialysis phase 1 and the dialysis phase 2, by 
pinching the ion exchange membrane (180 microns in thickness) obtained by the 
measurement example 1-4 of methanol transmittance to a glass dialysis container. Each 
phase is opened and put in 3% of the weight of methanol aqueous solutions [ a fixed 
quantity of] into the dialysis phase 1 . The water of the same amount as this volume was 
put into the dialysis phase 2, and the bi-phase agitated the interior of a phase with the 
rotational speed of 100 revolutions per minute using the churning wing. 

[0069] A fixed quantity of methanols which have permeated the phase 2 from the phase 1 
were extracted 24 hours after the dialysis start, and a fixed quantity of the amounts of 
methanols were carried out with the gas chromatography. When the amount of methanols 
when measuring using perfluoro alkyl-sulfonic-acid velar (180 microns in thickness) was 
set to Mf and the amount of methanols when using velar [ which was obtained by 




Example n (n= 1-4) ] was set to Mn, methanol transmittance was evaluated by using the 
value of Mn/Mf. 

[0070] As a result, it became the velar methanol transmittance obtained in the example 1- 
4 is lower than the case of the conventional perfluoro sulfonic-acid velar (trade name: 
Nation (made by E. I. du Pont de Nemours& Co.)), about 15%, and clear to have the 
methanol barrier nature excellent in the ion exchange membrane by this invention. ( 
Drawing 12 ) . 

[0071] 

[Effect of the Invention] Unlike the conventional perfluoro sulfonic-acid film, the ion 
exchange membrane which has the polymer structure which constructed the bridge using 
the upright cross linking agent in the ion-exchange polymer principal chain which the 
monomer of four sorts of systems obtained by this invention copolymerized was able to 
make electric resistance loss small. Thereby, it makes it possible to reduce electrical 
energy loss in many fields, such as a polymer electrolyte fuel cell and an ionic conduction 
element of the Electrochemistry Sub-Division type sensor or a flat panel. 

[0072] Since methanol barrier nature is large, the ion exchange membrane especially by 
this invention can also prevent decline in the power generation efficiency generated when 
a methanol permeates from the anode side and checks an oxygen reduction reaction by 
the cathode side, when it uses for a direct methanol fuel cell. 

[0073] Moreover, since the conventional perfluoro alkyl-sulfonic-acid film is using the 
monomer of a fluorine system as the raw material, the price per unit area will soar, but 
since the ion exchange membrane by this invention uses the monomer of the hydrocarbon 
system, it can offer the ** film which is very cheaper conventionally than a film. 
Furthermore, since hydrogen fluoride is not generated in the case of incineration 
abolition, environment is also considered enough. 




